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jLutJ CjLluuLuuL AjUaiLai^] ^jixii (JA fLj-iilt 

dlifl Jl4 ^jixil <ja jjj£A] AjjojLuuVI S^pUilt fbjjiil ^Jp 
fbjjiJI fJP ^ao^uSj fb^uSJIj Ij 

f L-rf AlLui ^jl\ 


iA^jH jti\ j Ajjill ^Lua^.Vl £A <jjlL<illj Ajji\ jAj ^aJ£J j ^ iN<t\ 0,bjjA]| , 1 

, £ <C*^)jaJ ^JA } cJ^l djLc-^JudJ 

. £ Az, ^Jjuj <_JA dllc.^JjudJ aLui^VI C ^A J 4 4 \y A\ ifl . 2 

A a)ViV ^jLdll <LuJ^pj Jxjudllj £a (JaLxjj 1 a\ ,3 

, <^-1 C* q£ jl^J 

, AjjaiiLaLli-Aj^ill <•** ^ ^ *W j AjjauiaLii^ll j ^ J J14 ** ^ ,4 

^I^aII £A <lc*lijj £ J)X^*)\1 C^^Lud 4 juJ^AJ ^'\g J (^ill j i ,5 

,43Ai CjUajua^. ^ <Jj£a!I gJIaII ciljLuj 4 juj1j^j (JjLuj <^31 ClAj^]ai3l (JajuiJj 1 ^ J\\^JA ,6 
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GU)J&0 


^^jujLujVI , 4 _ia£J 1 djLujLiiltj a j\^ 3 ?\l dal^lo du*j ^*39! cJ^ l)^ 

, Ajij5Jjud-Q L_JjUdl3 0 jld £3jJJ CllLj^laj ^9 (jdl 3 ^ 6 ^^djjaill <j*_il!a]! 3 A | ^lall ^lill 4_LuAjudV 1 (jdl 3 ^ 

3AJ djljjJalj ^)31 t (dLldaL^I 4 JtL l^JCr Ji*-£ dllj3laJ 3J3I1A] A-o^ddauill AjjujLujVI <jdl j£ 3 l 

, j 

^9 , a!\ 3V C 3I C t Sd.1^ dAj^)!a 3 ^jli j A \\ 3^33!*^ c^IIjA 33^ Lado 

J^nLj 33d 4 ^aLxJl ^ 3 - " S ' s ' s ^ A (^>33)3 ^9 Jad A^JL^a 3] ^>^3 3° 

^LJI 33 m ^-3 (1642-1727) (JjL^juJ lW-*_1I \ gq &^1 3^39 6 (JI!LaJI ^ 33 ^ 

^Lud^VI 4 ^ 3 ^ Lode. 3 flaJ V 3d! c^Uj Cfilj tA-plo djlc-jjud Ajo ^Luo^VI 4 ^ 3 ^ 4 - 9 Aj I Cdl£ 3^10 

4jld ^9 (1879-1955) (jddbl CI 13 JI ^JtaJI LgjuJaj ^Ull <Lal*_ll A jijgiilt Aj 3 !d]| (JjlLall ^9 .£jdall Ao^juij 33 ^ 













A^^}^»13 ^ L >a ^J ^Jj AiljJaV^ (jj^-li3 A^^)^JI dlV^-*--G ^l.*w*unt \ \ g \\cl \ \\l ^li3l dJaC-l 1900 ^-*-31 

, A£^)^ll <LalC* Aj^laj ^jJJjudlil ^jnan l^gJj , £ jx>)3t Ax*^)juj ^Lu^VI c_J^)42j LqA^C* 

L_ijUallj <jjj 1jSllj cislj^]aj3l <J£joij 1900 ^Ixll ^Ljjill <J£ ^^ixj ^ ^.IjjjiH 

, 4 *W j 4 ^31 j <jj| IfLuAjj All j 4 ^ nn^l^W 1 ^jjI^_ia3| 


^lc* ^JOUUJ^-Q <j-0 jl£j ISjjISjJI ^Ic. jjla ^ Clll^ 4 J^Uj,l^I£ 1 I $.ljjjil 3 I 1 ^-^. (JJ j 4 J ^ 31 x 31 

(JL^q (_j£l j 6 ^juiC- OJ$ iS^ i ^) -Q 4 JUJ ^ ISjjISaaI! ^lc* ^3c* ^ Clll * 3A» ^ , CllLljJalj^)3l 


CAjh\j ^JOI ^Jj J^XJ I^Aj C^juoC- £juAH 31 (j^)ii3l AjlgJ C5^ V] _) J^j ^3 4 u^Ut i» ^31 j A_iJ^)££j|j Aj^)l^)^Jl 


, a_lg1x 1I cii j^itl j l_j^)L^i11 $. 


ajj^JI pIj jjill , jj!^c. ^jJ£\\ uj^31 ^3U^ \^ <modern physics ajj^JI *Ij jji3L L5 -^uj *Lsjjill j ^ r - 

Jiil ■ Aj^Uj,i^I£ 1I Kj’iKj^'l ^I^UjujIj l<j-o $.1*1x31 ^3 Ajjljjjill j &\jJaJI <j* JUJlxll L-fll jujj£I C t \ua\ ClijjiaJ 

!)iAA* Ij^iaj C*n,wt A-njudill (JjVjo ul Aj^laj , ^£1 1 1£jjI£jLgj A ju*ii\ 1 Aj^ladll Ajj^JI s-ljjdill ^ ^jjjj^laj ^Jaol dul£ 
i * Q ^ ^^3 ^aA^Jjujj C5 Il3l J AJLi3.a3I Aj^) 131 CliLujud^JI ^lc- (3f3aj ^43^ ^11 l£-ijl£-LQ Lol tA-3Lla31 j jK^\l J jUjll 

, ^UlxSl Aj^xSI LS^" l^4jl^4-Q CliLudJ jJjabQ ^3^* J t UtlQ ^j 
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^ I j 4 \* \ \ Y%\\ ^lallj 4 q\»**^\I 4 ^IV^t ^lc* *^-J L ^V ^LaLlSI 


i.AYA\j l_A^jljJaJlj jl jaJI J frl JaJ^II j ^.Ijjjill <j4J (J^Jjj AaJ CjJ^ll <JA C5^ .fiAj-la* <*—^ U1 

-La ^aAj ^)a£]| ^_gJ] 4 nt l >>q\ 1 (l) ^a ^l]l ^11-X-ll LaA^jujJ ^li]| L " ^a! (j^-J 4 nnVig \\ ^ £A 

jjj.^MI Ajja^J dJ jV^MI (3) j t jjjjia^\I jjAII jjJaallj AiaAll A-Ajjj^IVI jjIjaII (2) t^ulc- <jLudjVI 

(jl £9 jIaII (j-Q j t ^jLic> IjjLia. **^Vl J <*— 1 it_Jj)Wi\l 6 jjI ^jj , A a)\x \\ Cjj L_liall <JLa-A ^9 L^ajj^aa.j 

,4iil *Li (jj SajIaIIj AjLi^ ^Ic* ^u£jtjj ^_a ^juj cijliLij^Vlj dj|^^Jaii]| aj^aII ^ ^ 
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QAjftj JjlaJl uLij*j 1.1 

^lc* ^ij . ^ jjJaJjj <aAj tg_9^}*j (jl tg_AA c > lUVn aJ.la^A Ajjljjja CjUa^ ^I^JjuoIj a-tjjjill q±i\ j 3 <jCr 

^Jc. Ajjljjjill ciA-ia£JI ^ ,T 0-°^j M <Sj£JIj L JjWI ^a AjjLjja ciA_ia£ cLl^Ij c*11ja cKyK^\l 

. (L, M , T) ^-ijujLujVI Ajjljjjill cIjLiaSJI <ja cJ ^jj Ailaui AjjLjja cIjLiaS ^^a ISjjISjLaII 

(jj (_ja 4_jli c^l L AixJ (jl Aj^J ^)^,l (_j^a^judl Ia p^joi djLuiLiS plIaC*lj ^a lj.A^)l lili 

8 AiLauj ^Jaa <j| Ia 3 JlSj lp U Jj ,1 g jlc. st 3 .nd- 3 .rci c^IIaa (jjfL 

1a| *Ca1£ ^ I^Ia ^j£j ^ AiLoiAll t^iL ^jj.Aij ^-^iajjuij j^j\ Ujli jjftk 

6^.j LLq^JjujI IjAj ^aa 2 l^A (J^la (jj ^-1 (JIa.AAc* Ijjli ^,lVu;i djLuAjSlI ^aUaj ^a^juj tiJLiA 

75 4li]j£ jU ^iaajuo lj^)±^,l 1 a| 6(J!ia]Ijj , ^jja]| (_ja 2 (JaLxj (J^la i**'^ 6^1 a]Ij 

a^)A 75 (JaLu ^ (jl jli t^al^a.J^ ^gA l** m^Vuui ^j1) 4 VK \\ (jj Ja^yU IjAj 

\ g a'iVuj.iJj ^ja^JI ^Jc. ^-aaxa aA^. j\\ a^A UJ^ u' AaA^JjoiaII Clil^. j\\ C1ijI£ Ia^aj , 1 

, 1 ViI^a L^ilkl Ia£a IjjLujIjS JaIxj I^j juAjS ^jjSj! (J£J1 

a^Aj <jjLj^j2 C1jLia£j <Sj£JIj (J j)a\\ <a^Jjuoa]| ^jjjIjlaII ^uJjujlli] ^aHj«-SI ^)aj^a31 Jic. 1960 f uil 

jL^alkl ^^A J SI ^Idaij tHlCtriC SyStCHl (_5 jIaII ^aUaill ^ C'\x w>\j jjjIxaII 

• • • 
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"jiall" ^ jlIj aI&JI j J^Jali cjl^.j ^Ikjll Ik ^ . "Systeme International" g^jall 
jUii s^j sjijaJ s^j "jiisB" c?>1 cjI^j AiLkyu .'tusT, 

^ic* A_fl-J^ LlLuJ^p L5^-5 . SaLqJI 4 fiA^j M (J j fipLuiaVi SAjuj gA^j Ajl^qjJuII j 

■ J ^ J cJ^A j A-LujLujVI <AjI_ia£J1 CIiIa^.^11 


Length Jjlail 

bjUll ^jIaILo jl ^Ic* yard 1 a^)Ia]| ^juJ IaL3oc*Ij (J^3^11 ^joLjs sa^j a-qjju q\ LAllaj^j <^1Lo 1120 ^-*-31 

aA^.j ^A (Jj^i\\ &A^j Ljajl c^II-A (j\ Lo£ , L^lAlijjuJ Ac- IaA-q AA gAj ^lA. Aijl (J^lall 

^1A A^-aI AALuJ ^AuJ j\\ ^jjjIa , ^)juA ^joij^)i]| c^lLdl ^aA3 (JA ^xli aA^. j\\ gA j fOOt ^A^]| 

.LA AiLoiAll ^)juA Lg_jj ^A CA^jC* c p3l J AjjuAAII g A^.^11 ^A ^jAll gA^.j c**^ u^il LoAA tl799 ^-*-31 

■ ^c- ^y h cJ^3^ 3^>-v aIaLq! ^A ^gJLojudll L_iiaa]| $.1 jiLudVi 


l "\ v^>1 AUA31 Aj^, jjj ^AASI (JjA9j A jjjJI Ja* ^A. L^AaAAI ^aJ {J jA3l ^jjoLjA <Aaj| j/K\1 

^JAJ AiLuAl 4Al ^A _jA^ &^Aj ^aJ 1960 ^-*-31 L5^-J ■ C5^,J lJ_^3^ gA^j 0 Jd ^ ^AALuA (JjAI! Ail^ 
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Approximate Values of Some Measured Lengths 


Length 

till) 

Distance from the Earth to the most remote known quasar 

1.4 

X 

]0 2fi 

Distance from the Earth to the most remote norma] galaxies 

9 

X 

lO 25 

Distance from the Earth to the nearest large galaxy 

2 

X 

10 22 

(M 31, the Andromeda galaxy) 




Distance from the Sun to the nearest star (Froxima Centauri) 

4 

X 

10 1 * 

One lightyear 

9.46 

X 

10 15 

Mean orbit radius of the Earth about the Sun 

1.60 

X 

10 11 

Mean distance from the Earth to the Moon 

3 . *4 

X 

10 s 

Distance from the equator to the North Pole 

1.00 

X 

10 7 

Mean radius of the Earth 

6.37 

X 

10* 

Topical attitude (above the surface) of a 

2 

X 

10 5 

satellite orbiting the Earth 




Length of a football field 

9.1 

X 

10 1 

Length of a housefly 

5 

X 

10‘ s 

Size of smallest dust particles 



10“ 4 

■Size of cells of most living organisms 



10“ 5 

Diameter of a hydrogen atom 



10“ 10 

Diameter of an atomic nucleus 



10" 14 

Diameter of a proton 



L0“ 15 


jixjl (JLa jiLall ^j-q 1.1^. 4 q\'l'*> a JI_jiaV i" ]\ Lull'll /ya 1,1 

, i) x.'Ml j ^ia^Vl (jJJ . >i xll j (jc- ‘ 1 ^~~'1 a I ^j-Q (jxj^Loll t ” 4 , ..1 ^ j a 

• • • 
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*lo^i 

^ lAjudljULoJ (3^^ ^JJC- j/'» ^ I 3& (j^-j ■ l Jud ^^ ^3 4jlj*J 4 ]Aq*v ^aJ ^a ^jV 1 J ^ Jj3^ 3^°° LS^* 3»^" > ^ 

jLaill (jjjLa£itj 33-oj l^)Iaj i** U'n 4^j3 ^jj»\i ^jl 3^°^ LT^ 3J^^" clh^ 43bud-<Jl ^jl i** n^N 

33C- ^jc- ^jjSj ^jl ^Ic* 3^^ flJ^)*J S^lcJ ^aJ l^^Jj ■ 3^^ ^-lllilljj 6^)1^)^JI ClA^.^p ^)JAJ 

i 

^3 b^y* Aij^u 3 jc. 1 JlJ 3^ 3-^> ^-Ic* j . 86" 331 jj^ u^ix> 3 ^ i*b» ii^q J> 1,650,763.73 

l^Aj .a^jIj 1/299,792,458 aj33 3 -O £4^ill ^k ^jjjall 1 $*3^qj < 3 ^ 43Luia]1 3 ° SjW 0 3 j-^ 1983 ^l»il 

.Xy\!i/ jIa 299,792,458 43 ^ ^jLujj <3^^j £4 ^ j>j*j 


Mass im 

33*-* 3-q 4-3jiuujl 4 %ijuo <££ l^jj lJj*jj kilogram (kg) ^1 jLSJI 4 \*S\t qAJI ^L^VujoJI $3^jJI 

ji£ll L_flJ^)*J ^ 3 ^ l^laJ (4j 1887 ^aL*_II ^3 Ia^LuoI 3 6 ^jll a3A , LudJj3 4Jajq^k^ ^a^ajdjjSyLJl 

4 _ij| jUl^\ 4 <jwo\l t^Uj ( 7 ^q 4 ^joij (J^aCr ^aJj *AJQUo^ ^ii*j ^jJ^ljVlj ^ji±£)ul\ 4 £jjjuj 3V L$\ 

1 . 1 a ^al 1 ^ £ k ^ ft (Jj£ ^-UjL^aJ L^-qI-I^JjujV 4^ ^ 3^*^ J) ^)-3 g 31 ^ ^ * 31 ^3 4la jQ^ ^ 

. 4 \*i^\l fi3^J 6 jjj^a ^jJajJ 



Masses of Various Objects 
(Approximate Values) 


Mass (kg) 


Obsen^able 

~ 10 62 

Universe 

Milky Way 

~ 10 42 

galaxy 

Sun 

1.99 X 10 30 

Earth 

b.9S X 10 24 

Moon 

7.36 X 10 22 

Shark 

~ 10 3 

Human 

~10 2 

Frog 

~10 _1 

Mosquito 

-10" 5 

Bacterium 

~ 1 X 10“ 15 

Hvd njqe n 

1.67 X 1(T 27 

atom 

Electron 

9.11 X i.0~ 31 


^Lucy 4 J 4 S 4-qo3 ^iajj 1,2 Jj^ 
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(a) (b) 

jjjIjlaJJ a\\ ,jh £ jJj>4 p\& j (jk Aiajia-« ^Aj 4 _luiLa!I 4 %<<i‘ ^ua jj (a) 1.1 J^ui 

jJSjj jjjl*-ali ^*aJ! Ciljjui* ^ Ajjili AfrluJ! ^ajJ (b) 

,4j^i (jjjia 20 AjjIj ji jj Vj ^A9 j V l^jL A^Luiil aAA 


12 


(“> - J 

www.trqma.com 















mA 


Time 

Approximate Values of Some Time Intervals 


Jojujj!Lq 1960 3^3 


Time 

Interval (s) 

^ cj^ An^^ll ^ ^j21 u] ^ ^j2l 

Age of the Universe 

5 X 10 17 

Age of the Earth 

1.3 X 10 17 

^3 LgJ ^3 1- Q >^ C ' (^kiAJLuil ^jjj31_*ILq 

Average age of a college student 

6.3 X 10 s 


One year 

3.2 X 10 7 

tgj Aulill dis^c, A-ilc- . ^LqjuJI 

One day (time interval for one revolution of the Earth about its axis) 8,6 X I0 4 

*u , fJ 21 J> J^jl. o- (l/60)(l/60)( 1/24) 

One class period 

3.0 X 10 3 

Time interval between normal heartbeats 

8 X 10 _1 

Ii3j 6c> j® (^ ^3* 3jj^ uj ^d 

Period of audible sound waves 

~10“ 3 


Period of Upical radio waves 

~10" 6 

L_Lj^)*ii3 3-^ _)y*) V ^ ^*ic>VI jli 

Period of vibration of an atom in a solid 

~10“ 13 


Period of visible light waves 

~10“ 15 

Duration of a nuclear collision 

EM 

(N 

1 

o 

l 

4x.LuJl ^Icr jiLuc-Vlj A_ijlilH juoI 1967 ^L*_I1 

Time interval for light to cross a proton 

-v 

■M 

1 

O 

l 


cijji jjjj ^c. ^Luc-VI 2jj^ 4.1(b) cJ^jaill 5-jjill 

411^4 *Li 4J LJ) jSil 1, 

3 


. 133- ^jixA\ 

. ^jij±xA\ (jc. jAx^aj SjIjjaI 9,192,631,770 
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CllLiV^11 ^9 ^a^l^JjaiJ ^}^,l ^allaj c^lljA (jli <JC- 1 Vv W*^ (_5^1 SI ^^^judl-llll ^Uaill AiLjaV^-J 

^a^]| ^A ^ \'^W j (J^Sall S.l^j ^jli 1,1 a . 11a lj-Q^aA^JjaiJ (J1^)V Aj£j^)-qV1 

lA^)LaiijV LiaILc* ^djujlill Clil^l^,^11 ^Ic* A^jxj ^_fl ^joj ,S ^-ijllllj slug gUn'lj ft 

■ uVl ^Ijll 

jj^iLJl (J!Lq ^^kl c1j1^.j ^ foSltj Jjli" Aij^x-all CjI. 1^.^11 ^Jj AiLjaVhj 

(JjA^Jl 4 \\, i ^11 ^jC- 1 ^ (^JI^IxILq ^LlfiL^aj CliLlAjouj ^Aj 4^-ljlj^jlj]lj 

(ji\ 10 m (JHaII ^lc>j , W ^ajlllj 1 g ^-a^I-xIIaII cIiLlojoiaIIj A-ajts 1.4 

j 10 g ^1 j^.jLSU 4 ^ou31j JUJ1 43j£j 1km o& jjj* 43 10 m jl 1mm _j Igjc. jj*j 

.liSAj 10 6 V JjUj J 1MV 


S^jll 



1.4 Jj.ia. 
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s^jii 


fU jj SjLa]| 2.1 

.S^AUall chilli ^jtjjjill ^\ hill ^3j-aj $.L^J U^ -0 SjjuiLlA Ai^laJ Lq $^)AUa 1 jjujj^j <jl <jjjjljjjill ^3 13] 

6^)331 djljAirytaJ IjjjuJ^p . 1-^ljS^331 ^3{J^L^ c*133 ^ic* V33-Q L_i^)jJaj ^Ji ^juj 1 13a ^jjJa j33j 

,fij313 ^3S-ldJ ^_^,^)L^Jl JajuOjll ,j>>» ^\1 1 g >■ ^ 9 } £-<Q 


j^Vl L_ljl-aJl L5^ ^Juia^A La£ Hc^ 4 Ia3j£ C_iA331 l t ^_^JjJajJ (JllLa£ S^La31 t^3^3 juj ^_fl ^jujj 

^Ja^j 1_1 a3 13] ?a!^,1aj ^1^ Vj c_ia3 l_ix^a31 13a (,Ja Ija (JI^juJI ,3.73cm AjtJjJa (J^Ja 1.2 (J£joi31 
^jI^qJjujVI ^aJ jJ 13U , <jjLlqj£J 1 ^^ajL^aaJl ^jjiu Qj2 L_iA331 ^jaajujS c^333 ^jC- t^jAAjaiS ^^3] l_1x^a31 

. ijJI <Laiii31 j^C- Lj2jxj Jl>Jl 13 a ?l_ia3 1 uLjm jxllJI L_fl jjuj AJ1 jIaII SjJxj^a31 ^1 jl 31 <J^9 ?^Jak31 
VL* ^3] j^Ijuoj <jl ^Ja^l auLo j] SjSLAj lJ !^jL ^3 Democritus <>3^j Leucippus ^uLill jl ciua. 

(3^3j V p S 9 k ^ CIiiajujj , L ^jxj^al ^Jj 6 ^La 31 13^ (jl 6 V ^ j^aJ ^jl Ul9jJ LoA , 4_}Lg_j 

,6j331 (j) atom AjjJ^Vl 4j^n\l Cj^U. 1^_Lqj ^Lui&U JjIS jjo J\ atomos ^L^VI 
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CjUjjjjj (jA SI JJ Sjj JS j Ciljj (jA SjLaJI .SjLaJI ujjSjj ^uajj 1.2 

. (IjISjI <>> (liUjjjjjjil j cjUjjjjjJI . (laUjjjjjjj 

• • • 
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2^ (jl ^A S^12I L_u£^i] ^jlj_$4l 1 g \ in\ii^ t ^ nu«v £^121 L_u£^l] < J-^ k ‘* ' i^y^^L±uij (jVi licO 

^jC- £^juj (_^1 UJ^ ■ 1.2 cJ^juJI (j-° j-^VI L_ljL2l ^9 ^jJa ^-q ^A La£ Clll^)i3l 4x* j^'nxi ^j-o ^1^21 

Clsl^)2l a ^A 4-*_iila 

I^a ,Sj 2I cisljj£-Q ^2 <j|j ^jj^uaui l^Lou£I qa J.J. Thomson ^2121 <j£-oj 1897 ^121 

I^A ^jc. (Jjj^afllillj ^iKVi lJijjujj ,^1221 \ g n^s^j ^jc. C* ihn g^) 21 jl (J jL ^ a J <^2] l£^ c_flLuu£VI 

, l_jIj£11 11a (j-o 42 e-2^^ 

11a , 1.2 (J^judll ^9 ^jja^A La£ filClAjj^j£lVI 4_l9 __j2 L^2^aJ 1911 ^121 C5^J 

l•* 4 *y n'v \l <C* ^ AjSi^ill 2^ VL^iajI L_u£^)J 41 fil2& ^Aj ^i-A 2^22 2^ 7^ 21 ^^9 ^-21 

2i^Luj ^_9 ^9 ^aLuj ^oi 1930 ^121 ^9 U^J I^A 2-o^ 2_>2 ^W $W c_u£^i]| ?4\M221 

jjjjjJl , diljj^jj2l j djlj jjjjJI L&a ^jaajui^. ^j-o <j j£-q si^31 (jl ^1] e.1221 (j-o 4-c.jx>^x> cU>^**.si_ 5 -ill 

^9 clAj jjjjJI l_a^)xjj S^123 ^jLlqj£JI 2jLJI dilj jjj^JI j ^-q Aj^juj 2 —j 

cij^l ^^*-Slj) ^lj oJ^jji *2^21 J^ 3 .atomic number 

92 ^^Jj9 ^ajjjl^jJI sl^j LqI t(2 ^A ^ajjlg" ^^21 j) 2 ^ajj'g II sl^jj t(l ^A 
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j mass number <^££11 ^Ua ^ JA\ ^11 asL^L . (92 ja ? jjjl jj23 ^ j2I ^*1\ j) jjj 

.fil(J^I j dAjjJJjdllj djljjJj^)JI 

^i&ll 2i2\x]| Lmj (aHjIj ^1 jJI ciilji dAj jjj^JI jjjic. ^jl ^l) IajI jj*jj V ijy L £jill -i-l*]! 


, ( 'Q~^ (, i Jji dlljjJ j^_ljl JjJlC. jl L^O '*' 


^jjjj^Jl <]j£ (JjIxj 1^i3j£j a w aai l^J (jjjJ CjIjjjj jdll , 1932 dAjjjjjdll j j^j q* (jqVi\t 

3j^ll jli sijill cisljjjjjdll jj ^3 liU .^u^all (J1 a sijill {.A*A *\ 1 x> Ijj^ dAjjjSjdll c > \*Y\j .IjjjSj 

. Si jjll duaj c_a jjuj jj<A I djUjjj^Jl 

dAjjJJ jdll j dAj jJjjJli V ?S^Lall <S ^juiSJ <jl (j£-OJ La ^ - >*»*! dAjjJJ jdll j dlU jJj^aII (Ja 

d i Vi j L ^\ Sd^-a e-Luoil l$J <^1131 j t quarks dA£jl j£Jl ^jujIj j*->^\ djLujui^ 6 <j-a uj^ 3^j 1 dj^ j 
t(jjJj^)2l ^ I^y& 2/3 2^-*-^ J-° 4d^jud LgJ C_lld^j djl^^l j£ll J , dl^Jj L_lld^,j 

lAj )\2 (_j-q a w aai -1/3 c^j^dj ^ w^ L^J 

, Aj^juj ^JaxJ L_uj^i]| ^jj djl^j c^jJl (j^-J ■ 1*2 (J^dd]| (^5^^ ^da 
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pLll] A 9 y *\\ ^jbl 4juil^p ^9 ^jj£I (Jj-oxli]! ^jj£I t^» x> ( »—^pt-ij 4-11 aC» 

l^Jolijj (j>iar l\l 1 g 1 £xa tg_lc*lijj ClAj j^x >\1 fi^A tiljU £ 9 jJ (J^C-j < 1 £jola 1 I ^)j^aljC*j ClAj^A La 4 _I£jouJ 

, _Lxuai jll £_x> 



Sjiii toj ttten 3.1 

L_fl^JUJ (J VI J . KuKj,a\l ALujLJ Ajjljjj9 Chi-La^ <2 _l)Ij L_flJj*^J 11 a9 1.1 

^IjjJl l^J .density <^aj ^ 

! ^ 6 ^-j cJ^l <Sj £11 l^j] ^^-Sc* (jj) L^Vij p 


P 



(i.i) 


* * ^ * * ^ ♦ 

(_5 jLujJ <9li£ <1 J t2.70g/cm (JjLuoJ <1 jdlo jIVI tJULdl (JdAjoi cr^ 9 

*27g (_^jLujj IgJ 10cm 3 ^jaLqjIVI ^ a *^ <jli li^-Sj .11.3g/cm 3 


Densities of Various Substances 

Substance 

Density p (10 3 kg/m 5 ) 

Platinum 

21.45 

Gold 

19.3 

U ranium 

18.7 

Lead 

11.3 

Copper 

8.92 

Iron 

7.86 

Aluminum 

2.70 

Magnesium 

1.75 

Water 

1.00 

Air at atmospheric pressure 

0.0012 


1.5 . 1 13g \ UJ^ lg-S <j-*aL^a^)ll <*-ka3 <j£lj 


A a\\ Q^ 3 U Ak 'US 1,5 Jj^ 


. U <iL£ ^jJajJ 
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or^'j t j.^iitII I^J atomic mass Joij^a La j..-iic Sji si_jj cAjjjiiil!j cAjjj j^>JI aaz . 

(jL Laic atomic mass units (u) <jjL1I a !£ 1 \ s^jj 

.u= 1.660,538,7x10‘ 27 kg 



t207u/27u=6.67 t4jjL3l L5 4 n.ril l 1 jSlj ,27u ^ jL^ij ^j^ia^ILUj 207u ^ jL^±j ^uaL-a^>11 4 jjL3I 4Jj£1I 
ijc. (j^jLcill ILaj ,(11.3xl03kg.m3)/(2.72xl03kg.m3)=4.19 tLa$jaL& ^ 4.^21 JjLu V 

■ au> ‘=^*13 ls jji4' ^ cjl jL3l ^2 


1.1 Jl> 


(J^mLtll ^j-a ^1 4 V.<I) .'Q~i La^l /j-a 51^ , /j-a ^ I j 421 ^j-a S.la.1 j ^jluIc ^LLL ^ ~ ■ ^15 

^■v-vtt (jaiflj La^l (jJdaLill (_iw) JU4aJI 4 j1c (<_j) ^jjiajT^I 4jlc (l) ?^)j£l 
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^ a jiii ^ ^ 1.1 jti* 


^ .Sjj 6.02xl0 23 (i jlaj ^ 27g <jl (-ijjjLail <jj» ,0.2cm 3 A (2.g/cm 3 AiLiiS) (j* 

lift J Sji 

l_i*£-<JI <Sj£ jli ai^j l £1 ^ Y&W ^jLujj <ili£JI ^jV !(J^]| 
m = pF = (2 Jgfan 2 )(Q.2cm 2 } = 0.54# 


<j| c_jjuAjli 1I lift ^jc. Uc,i .aiLJI l^jjl^j <^31 djljill iic. £-q c t u2Vn SiLall <^aull (jj ijyji lift ci^ij 

^jVI a^>-<JI a 5SI*JI aift l_u£j <jl Iu^j . Jj^>x> jftj L-Luoliill ciulj jft kj taiUJI djljill ii& Nj caiUll a! j£ m cm=kN 

; ^Jliill ^^31 ^ ^jjii]iljt-A]| ^Lojaiij ^ ^kj ^27^ ciali 4_Sj£A3 i_ijlli3lj ^Vl l t 


^ sample . nrj p[ e 

w 27.0 g = ^27.0 g 


^sample _ -^'sample 

ffl 27.0 g -^ 7.0 g 
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: (_jc. (jVI J . AlLajS *' V Lijli 4 <u>iq\lj j ■ ^ '^ ' |\ (J_jg t* 1 .' ‘"' Clulj (jj Ja^V 


0.540 g 


sample 


27.0 g 6.02 X 10 23 atoms 

(0.540 gj(6.02 x 10~ 3 atoms) 
A ' 5an ' J F^ = " 27.0 g 


QQ 


1.20 x 10“ atoms 


Dimensional Analysis 4.1 

AiLui-J (jnsj Uiic. .Ajjljjjill ajuS 1\ Ax\\U Lr gi , c. l^S dimensions ^U.jSm 

, (J4_lo£JI 6^-S ^jj (JJ iS^ 


jjuj j , jl3l ^Ic. L, M, X (J^IxjI ^jc. 11 a ^9 ^Lq^jjolaII 

AlV ^ V ^-0^)11 ^-l^Jjuij (Jlxdl LS^" 1 ^xdll ^lc* AlV .All [ ] AxJ^d! I ^.I^JjuiJ 
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aLu! , [A] = L 2 l # A aLu! JIHa£j , [v] = L/T l # ^ ^ aI*j! jc. ^ic. 

6 (JIa (_£^kVl C1 jLia£J1 aIju! .1.6 (JjA^Jl ^9 A^uJa ^a 4 I'nx \\ j 4x.^)jud31j A^LoiaII C1 )1 a^.jj 

, ^ i ji A ^A9jj l_/a Aac- 1 ^ q i ^ ^ S^juj ^ q! 11 ^ 



A^aJtj Area 4aLuiaI] % ,. *t\ lj! a^^ 3! 1.6 Jj^ 

-Acceleration 3ia*l!j Speed Volume 


Units of Area, ’Volume, Velocity, Speed, and Acceleration 


Area 

Viilume 

Speed 

Acceleration 

System 

(L 2 ) 

(L 1 ) 

(L/T) 

(L/T 2 ) 

31 

«3 

m *■ 

m 3 

m/s 


m/s 2 

I S. customary 

ft 2 

ft 3 

ft/s 


ft/s 2 


Ljli ^UaIxaI! gAA jA (jqViWj ^jjjIS jl <UaLxa jjjudj jl ^tl^A t jLi^Vl j}A jjj£1! C5^ 

Jjkj Aijjla .iaj*j .aLUJI A^-a j-a jShllj (jiLsAll iiii» AijjL a*j j£\j <.dimensional analyse J^kj 
CjUaSII c JHaII L5 Jc. ,4 jjaa jjaULg tgJ! tgjuj J^bLUl j£*aj ^buSfl j) <a^a L5 _Ic. aLuV! 

^Ic. AjjIj jjill CjIjaSII jj c^Ua ^lj AiLjal . (gA^ j\ l) A*_J1 tg-1 ClulS Lj JaSS ^/aV) jl (_j£aa AjjIj jjill 

aLxjV! (J-il^J ^Ia^JjuoI ji^J c<iaJjau]! Ac.! jl]! g A& J/w^l \ j „ Ljajl AxjI! ^ja2j 41 jj^j jl 1 > ^ <LUa11 

^UaUaI] jAJ^l (~-fl^)L31 gA^j j}*y) <UaLsia]! gAA JjAju j^AJj , V ^al 4 'NJ'N ^ ^-SaIjlaI! ClulS Ia 1a| AjAVi\ 

, ^JaLslaI] ^jjujjV! L_fl^)la]l gA^j j jLujJ 
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Iajj ciul^ t £y*^j *^ c ' x fijUjuo ^J^Lxa ^lijjui! t-ij] ^ j j ^^ j■■ jl] 

_ 2 ** * 

(Jj\Vi ^^jjudj (jVI Ijc.^ ,x=l/2at <UL^JI 6 ^a <. ^ill ^U^IxaIIj .a AHjIj a\ y* \ ^jju^j ^jj£juJl 

, 4J21x_a]| fi,A& A (jji^lill jIxjVI 


ijA l^yy^\ ^_fl^)ia]| jli 4 ^ i ^ 4 J^I_xa]| c^lli . (J ^ ^jLuiJ LS^ 0 ^ 4_1a£JI ^jj 

C^luSlI ^jC- ^iaJ^tll]| (j}J^}ia i^jC* i^yy^\ ^_fl^)Ja]| ^ jfi-* (j^ Lllic. l^j , Luiajl (J *ixJ A! (j^£j i > ^U^LxaII 

^aj^xiillj lij X ^xj a! (1*6 cJj^- ^>^1) L/T 2 .axj l^J <jj J_m».j tlg_j 4 , ^.1 -k " jLxj'^Ij <jj\jjjfl]l 

4JjI*-o13 Cy^^ i—i^)Jal! 


x=l/2at 


Jc. (Jj^raj 


L = 


L 


& = l. 




^U^LxaII 1^1 ^jjuojVI ^-fl^)Ja]| *ixJ (^AJ^\ (^Ji^lai] ^Jj^alj <.^*^1 ^aJ (I)] 
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o CA i ** ' ^ Icl ^liLo3 4 djl^j lir'l-flll ^j-o 4 x- J ^ AiOLc- ^ic. (J^ M jA cIjljV 1 cJ-li^j ^1 ' "•»''> , ,-.V AAj^ia 

:^> c> 

x a a n t m 

(jj£j 5i!>l*JI sIa . t na' Till diAj oc j ^1 jjJI i^gJc- t j a 5jjljj ; ^ll 4j^\l <d ^j-a m j n <—ya. 

t _ jla L J ^A ^jaia^H <■_ Cjlj jV J . jl > aiLq 4Jcla-a]l ^S^la ^Ac. cIjljV 1 dljl£ I Cl JaJ33 4 ^ ^ 

(JjfL ,L ' (J^Ja <! (jjfL (jl C t I'nj tyJ^l 

[a n t m ] = L = L 1 T° 

Ljjci (jj^J T _jA ^j-q A*_)j L/T 2 jA 4»\l Caj 

(L/T 2 )" T m = L 1 T° 

( L n T m -2n) = L 1 T 0 
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(j-Qj .11—1 (j)] 0!llluij (jl £_l3alijuij I A^Jj , 4 JaL*_a 1I j)JJ jLuiLq lj ^£j (jl i > T J L —5 (>>VI (jl 

4-ojB (jc. (jAaJj*lill m — 2n — 0 *UaIjl-<JI ^9 (jlajjalillj (_^l J Ill 4^3 c > )>a*i (jl jlVu^n ^Ll-<JI gAA 

.m = 2 ^ Jx^j n = 1 



x OC cl t^ (jjSj jjuj <!aL*-a!I (jl gVfu/i 4 x (X a. n t m ajjujLujVI 4JaI»_a]| ^Jj Sa^lIIj 


. Ajj-l^JI Ljli^lxJI j^Jaj (jiil LkAit Hll AAjl-ii AjJAC' ^ ajIj UJjjj (jl <j£-aj jbuSfl Jjaj llk^. ^1 1.2 Jlj-uu 
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AJjbuJI Jbul J^lau 1.2 Jli. 


, £fi> J43U tj 4i?jdt (jC- jjxj aj j-uJl ££ jjaj y <jl du^ v = at 4Jjbu&J! <jl Cjjj! 

! j'N l\t ^ <C*^)ja2 <1 QjfL <C*^)Jud3l <jC* | (J^St 


[»] = y 


! ^Jc* LoA^LxjI qC. i^y^JjxlA\jj 4 ^9 ^ \^ar \l L_J^)jJa ^jC- S^jIjc- J^\ t-_fl^la31j 


— ^ — T 


. ^ ^ jli ^Uul ^jLujj ^IjuI J\ 


JiiluiL tillj (jA JjA&jj <jl JjIa .Uai ^1 A - ^ <jj£j ( ^A V = at" I4I4 JjA&lII ujjllxaJI 4 JjIxaII Cull jl ijLs 
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(_yh M jIa- jbuV! JjIaj 1.3 Jl^a 


i\ m ^aj r n ^ uui<t"j r d jlaS t ^ jj! J jLuua y ^ Ac-j^-uj tiSjA jj A1^C> (2)1 ^ <j^ ^ Aaj^HL AjI 

■m j n A^ul a£jjla 1 jbuVl JjI^j 

A — k f n V m ^Jc* ^ ^ " <> t ^*i (jl (JIiIaII dil j3o» x> 3 * ^yJaljudj \ 


; ^Jc, v j r j a ajjIj jjill cjLlo£J( ^Uul 3^ ^ l>^ j^j c .^ k cl 



L" + " 

jm 


<_JjLxji 4_i^lj ^j-Q aJjLx^JI j /-' I jj 

N + m = 1 & m = 2 


a /jJalLa Al^^)judJ a£^)^. ^^^^ 4 _l^*_ll <S^Lst-Q ^Jlalljj II — “1 1*^-5 J 


a = hr l t -' 2 = k-* 
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Jjjaj 5.1 

(Jjj‘" tjaliaill ^3 jl (jxi (_}»ljiill dllAa. j <_Jaj jjl J ” J ‘(j-o (jlj^VI <j>a ^ <_g^ 

| ^Jldll ^^_ill ( Jc. (Jl jJat/U ^1 iVi\l j ^^olLxil Jlajll Cljl A^. j ^j-iJ ol jl l l ] a \\ j , ^)J-q Jl ^)'' 1 ^ Jl\.^ (j-a (JI^4I 


1 mile = 1,609 m = 1.609 km 
1 m = 39.37 in = 3.218 ft 


1 ft = 0.304,8 m = 30.48 cm 
1 in = 0.025,4 m = 2.45 cm 

, A ^Jl Jajl jj-ca AjjJJj 


J i_ic. jj 4 (JIaaII (Jjj »■ ^ ^lc* ■ jj^ 9 ^ Jnxj ^JlL CljLua£ l^jj ^Ac. AjIa^JI ^_xj (JUdll Jj 

tj' 2.54cm JUj lin uj .cm Jl 15in 


15.0 in. = (lG.OirtT) 


2.54 cm \ 
lift 


38.1 cm 


(jijVI 0 A^.j ( *_>a J■ -C'Vil ^ILall ^3 (in (_jijl) oA^J ^■ laj Lijj Jaa.V . 1 (_£jI_iAj j_J JYI (JJJ AAudill (jl A 

. A^Jdj£ 1 . Jl**-"" aA Ia&j Cm ‘" 4 jaIL4I sA^. J , AjL^aVI “AaJI ^-3 
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j<uJ! ^ JjIaj Ja 1.4 


oj IauJI Ja . 38 m/s A* ja»u Jjlhn » jUui CulS cf^ JjjaJI JjjjlaJI Cj U Ja l ^j .1^1 ^ 

?75mi/h jA ^ 4 j ^jaulaII Lf ^'i\ .AaJI Cjjjtaj 


_JJa 3I (JjjVn jajAj I—Sjja 


(38 


■Ojxi/s) (—^ 
\ 1 6 


mi 


609 jyf 


= 2.36 X 10“ 2 mi/s 


1.3 J*A 


diic-Lui ^ii 


(2.36 X 10“ 2 mi/*) 


/ 60 it \ / 60 jjhjT \ 
\ 1 jpairT / \ 1 h ) 


85.it mi/h 
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, 4_J ^ j,a i ii ^11 A£.^joi 1I Aa. J) jL^JJ 6^]' J> nil (jli 1 A^_) j 



?km/h S±&. jj Ac-jlAla aIaj) lac.jjj mi/h S^j £-a JaUaII ja»a V <jlS Ij) IjL> ?jl IaL> 

j-» ill ( _ s -Sc- i jaaL/I J_j^a u' ' Vi^oj iJaJI 


, 1.609 kni . 

(85.0 >nf /h) I-I = 137 km/h 

1 jM 


.mi/h aAa.km/h aAa.^J asajAa aILa (jjfL La LJlc.j o A£.jjoi3I ^jAJLa ^jAajj 1.3 (JSjoJI 
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ftijVlj cAj*m 6.1 


^j9 ^JJJXJ , L_J jLa ^9j <j£judJ IHjLsJ £jJaj <jl IjjLa UJ^ L>° L5^ 

<jl Lo£> , 4 ^j\U>^\1 <3a1I ^ (Ja*J j| ^ ^ ^ 4£>J-l^a i** \\ u>>^A ^_1 c- 4_UJui (jj£j fi3_C* CjLLud^Jl 6.AA (J!Lg 

l** 4 it uiN ^jfii La,Via 9 , ^-l^jL^a ^A n 10 n 6^)jj^a ^9 ^.AaJI ^jJaj (jl_l^.VI (j-Q ^ ^9 

, 10 3 L > ^ ^ 1000 ^3^)11 ^LLa9 dO d^Lst-OJ ^JC- ^jl L_Ludl_La]| (j^£j 


4_iA*-<a 


0.008,6 ~ 10 -2 0.002,1 ~ 10 -3 720 ~ 10 3 


, A-pJbJl A A^W L_li^)ijll ^al ,^V*UjJ ^)JjujJ ~ 3^^ J 


£9^ CljljLat^JI jLl (jl ^ 3 k ^ ^JLoiaI 4_lLa*_J ^jfij Labile- l^)Jj£ a 3b 


, (JaJI <Jj9 <^jU 3I 4 x>jq\\ 
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SL^ Sjjfi (jjflj])j jjp) ^liSV) jjj^j 1.5 JHa 


, ^jLuijVI SLa. IxujIa jjfl 

^__3 1 l$j ^ j^Lt ^j-oLaj^/1 ,3.3c. jj^aj ^jlLil 1 j . 4Lui 70 <^A (_jLuijVl oLi^. Jaxo^La ^jl 4lLjiAil dLa IJlu t a^ui "(3^! 

^3 ^jjjlijV 1 LLo /jl t aj , La ^_iJalj^) L.I ,‘V> ^j^jLaJ jl ^joloj jl LaJ ^ 4_1L^. ^3 /jlL I LI ^jai^JI <Lil_^. ^Ac. ~1 Xl* j .33 33util I La , <LLl3Ji]l 

(_ 5 jLuiJ LjjAj ALujII ^ JjjliJ 33c . 10 i$ jLjJ <2j3.2I 


1 vr 


400 days 
Tvr 


25 h \ . 
1 (lav / \ 


50 min 
1 h 


= 5 X 10° min 


.24 L)^ L/< 3 j ^a Lx.Ljj 23 LLaJi^Lijujl j t 365 l^° v L- 3 j 400 l^a^^Lali L .3 . 11 djl_iLa*JI ‘ ^-ij^aall 2 1 ^a Lia <,_La^JI 1 »jL. 

iLIUa (j jfL Aiui 7 0_SI ^ j 

(70 yr)(5 X 10 5 min/yr) = 4 X 10' min 

(_>oaj 10 9 (JJ tj3^J jl Liljaj 4 X 10 8 _jA (jLaijVl IsLia. 6JJ3 ^3 ^l£]l .33c. (jjfLl J-3*-all ILa ^1c.j 

I__"___"._J 
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(JJlHiAa <jjj lj! jiokit JJ& jjiij 1.6 JHa 


<Uj.iA £jj oaaai tfj ^»jL dt jlaaJl JJfr jJfl 

.3,000 Illi yj/* 1 *'. v ^^ (JJlAa U^ ^jj 4_3aJ^iJI ^ Y&j\s JaJjL-iallj AiLoiAll (jjAj ■ 

(jl (j^*Q ) I j „ 2 ft j.1^. ^juj (j^-J ^ *• o( ^ (_j^a^judll ^lc* AaIxj 6 j ti-v \1 (J^]a t-> \1 j , £^la^JI (J^la 4_J ^kj L_fl ^juo 

<ijuu31j £j)a^\\ (JjjVi\) (J-oljt-Q <jjfL aJc* j . 5,000ft/mi j 5,280ft/mi t_j^)kj ^-s^jkj IkjVj JaaII 

jA (J-l^aAl 


5 000 ffr-mi 
2 ft/step 


= 2 500 stepv'mi 


, ‘ijin's 2500 (j-^xkjoill tk& i£^j# (J^-a (J^ ^ (jj (_£^ 


jli CjI j3a^\l ^-IC- L_jLui^J <JaJjau3l dlljLui^Jl £.l^aAj t(jVI 


(3 X 10 3 *tT)( 2.5 X 1G 3 steps/iflf) 


= 7.5 x 10 6 ~ 10 7 
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t "il r.l Q \^j V /1 j ^liajl LiLoAl LijV /j-o ^}j£l ^jj^i .33 ^Ixall dll^JaiJl ^jl Lik Ja^.V .610 .3 j-3^*. ^3 ^_1SJ1 t" >' j l~.-v 11 J.3C. ^jj (_£ 1 

, ^)J^£i]lj al iu^ (JAa3I ^9 ^jli AjL^_a]| ^9 (Jlj djLjal*iVI j 


JULS1 J JL* 1.7 JH» 


,$.V\uti LjbVLjtjU-uJt JS ^La^Vu/l jilt jULSt £)* LjUIjJbJt JjjSjJL L-LUA^t 

fijUjuj (j^iLa 100 _ j j^-5 £jIjUjuJI «^^c. jli t^Qjudj jjAo 280 ^3] 2 da^HaII ciAjV^31 ^jI£juj L-h^xj IjjLq 

^J cd3i£ , Ln^su 10,000 mi qj^ ^3_*_31 ^9 ga^. 1 ^31 s^ljjudll \ g * i ^^131 AiLuiAll q\ 3 lJ^3 s^Lluj ^jj ^LujI ^1c* 

^gk tijIjUjuall ^L^jLj , Ajjuill oj^ 500 c i \'g > uj.n ^Ji jjoj 6^jLluj q\A aJc-j t20 mi/gal ^^31 6^.1 ^31 g^LluJI 

^glc- l-S^X^\ 

5x 10 10 gal - 10 11 gal 
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Significant Figures ^jSM 7.1 

(jc. AajuaIIj L_J^)jJa31j CIiLAaC. (Jja ClAjLai^Jl qC. 4_^jIa31 ^Ia^M (j^ c^llj& 

I_&^)JC.j 4_^.^)A (^JjAjAaj ^jlliAli]j (JdA ^Ia^JjuAj ^ aJ£L^ 

\<w w% ^llli t^Ludll jl LLx^JI Ajjuoj a j. w ^9 AjujI^aII jli ^ CjIja£ ^jjjIjaj ^jaj LaAic j (jA 

^,jAj £_£A]| ^^a^uudll 6 ^)L^aj 6^jjjl_ii]| CIiIjAI gA 1 j^, tl^jA (JaI jC. g Ac. ^Ic. Aajxj tilulll lAA ^jIaILqj , 4_nj^)^li]| C1 sLujIja]| 
, C^Luill A^A^. ^A P^JUJ ^jC. J_UxAi] ^A^JjoA <juoIaa1I <JjA*_a 1I ^li > ■ L **^ A Ac. J 


<j^ 1 a S^pajuaA 


^j^!a 1 a 19 ,+lcm AjA^. Aj^IaII S^AojuiaII Ujai ^i\\ 4Aa31 jIaLg (jj lie.A , ^)jjLa g!aI£ 

(jj gaa ^ .5.6cm j 5.4cm JjUl J AjjIaII s j ^haH aaa l_loi^j 5.5cm ^jLujj 

AAjl^ 3^UI I A] t JIaILj , 1 (JajoiJ (_£ ^3La]| (j] LgJ ^LujIaaII AaJ^II 

ja ^UaII <L^i1a1I aU j jl ^.Aaludj Ia^jj ,6.5cm j 6.3cm jaj ^Sj <aja! 1 jli 6.4cm 

.(6.4+0.1) cm j (5.5+0.1) cm 
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(5.5cm) A^.Loia]| jli 4-ilc* j , Lg-ilc* 1 \\ .^lill CLsLujIj^I L_j^)jCaj 4_a,LuiA cLajj Cj^)j t-H] (jVl 

^ISjVI c> jj£I j tAjjix-o ftsJ 3 (> Sjjftt jjo ajU.VI &ca t35.2cm csjLuoj 1a*j (6.4cm) 

; jadi ^c. <-ojuoa3l J d)V^» ^9 Lg_/al AalluJ ! 6 Ala. aCC-Ui^j , ^jjjliiill ^9 4 a^uhaII 4_}^ixxll 

^tijSfl (jjiij If! a)J% J l-l^j 4j^ \\\ AjL^VI ^ AjjjxaS) ^iSjSfl <jti cljLia£ 3j& cjj-usj UiA^ 

.^Uuiill ( jjJaj S J&H!! (j-iijj .AjjjxaH Jl^VI JSI If! 4jaM! 4 jjjjla!1 



aJ^II (Jj-q CCc. (j-Q ^jl 

(J4J £iij 4_a.LaLAll (jj 4 


L-±aJ <J^jaia^ill “La-LaiAll <jli (JUl-all $Cc.lilt aAfc ^juiadJ 

2 

t35cm (jjSli jjuj 4_a.LoiAll jli 4_ilc.j , L^jLuoa. ^9 A-QAaljaLAlt 

,(5.6cm)(6.5cm)=36cm 2 j (5.4cm)(6.3cm)=34cm 2 


j 0.03 (J^-Q Lq ^9^) ^9 Aj^)juo*J 1 4 Lfolill LoAlc. !^1 a 9 , (jjfLs V <jl (_£ jls l-q ^9^) (jjfLs (jl 

Cilia. <ULaJI aCA (j^a^aC* c^IljA <jjfL 1500g L&* ^ UJ^ , (_£ jixxa ^9j <jjfL V 0.007,5 

, CjLJjSII ^9 4_3^ix-a ^ ^ j! 4_j^)jlux!l 4 \ q\1 Alj L-lljfiJ £jC* ! C9 (jlJ^L^al! ^jj V Lijj 

lij 1.5xl03g {& J 1 1 C*U'N ^9^)11 ^-alxll (JjWilt ^lAaJjuol ^xjLulll <jli t^jia^AxSl 1CA 
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Ajjja-a jslij! £_) jl villiA (jl£ Ijlj 1.50xl0 3 g ‘. LluLj iilliA jjl£ lij Lai tjjjJjja-a jjiaSj silliA (jl£ 

(jl (j^y) (jJJjj*-® tlW^J 2.3x10 4 ^LLa 2 tl (j-a JSI jI^C-S/I (_ 3 fIaJ o-lclall (jaijj . 1.500xl0 3 g l 

.(0.000230 i. n^j (jl (j^aj) LjMj <tl 2.30x10 4 ^^*11 Lalj (0.00023 ^jll I^a t_u£j 

^I^C-VI ~ S| ‘ '~' ^jl t^ ^ II 4_iLaxl ^Lxuullj 



?\1j% uLLui^ll 


^jlallj j^aJI Vji 

tAj^)jua*-!l (jd-aJ <^5-^ Cy* Aja jJali-Q 4'N J u\l Aj^x-<JI jl AiC* 

, L_U^)ili]| -lC>! Lg_^,^)ia jl ^ CliLlA^il ^9 AIaa^ a-Loil LjjLud-Q L&A^£> (j^£j 


^jlall j ^a^JI 4P jj-La 4Jlat 

6.9 uj^ ^4.83 + 2.1 = 6.93 

i • • 
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9.44 uj% m'j?JIj 15.741 - 6.30 = 15.741 
9 m'j-1'j 6.53 +2 = 8.53 

22.68 17.55 + 5.126 = 22.676 



‘Lfeuuiitj :u:ij 

J JS1 UjUC* ^jLuiJ <- > ^ ^ 4_3^4x-all > 

.<La jjuoLoII 

4 AtiAW J UJJ^J! AS>^±LA 4JI4! 

25 uj^ 8.42 x 3.0 = 25.26 

3.0 Uj?JI jjfLj 6.00 -f 2.0 = 3.0 


(jjjjjxx QLoaj V 4^.) 109 uljJI uj^jj 35.21 x 3.1 = 109.151 


39 


(>> - J 
www.trqma.com 






e-u£jj 1.8 Jtla 


.Aijiil b^jI ■ 3.46m ' ^ 12.71m <jt£B 4BjiJt JjL ^LjL B^i ^1 £b 4Bj£ ^b Sbjb^ SjL^uj l_u£jj a 

I ^lc* l) l ^ ^juj iBjjj AjjujL^JI 1 C- ^ia^)a_SI ^^9 (J^lall I_1 a 9 I Bj ) 

12.71m x 2.46m = 43.976,6m 2 

?i iagj ijVi s j* 

4-ajbII A u J -\W A^\ <j-a B^lj L_fl ^juj UjU Ib^Jj 3 (JSVI B^B JUIaII Iba 

44.0m 2 
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, J\ ^_lc. 4_ijUi]| j J ^.j ^La]| djl '^LgJ ^i]l j ^j-Q J)ll j j J^-Lajl ^-)5i 4 i l nl > >i^/1 AjjIj J)ji]| ‘ *' i^X\l V 

^9 i\l \ g *>>c. (jc. c q\*iVi I^aV <all^Q 4ili£ LgJ a a!^aIIj , ^jy^ $a^ j <Sj£J 1 IgAj ^Jc. SaLq <ilj£JI V 

,4jja11 <Sj£11 ^ lHIHAj IgAl jA 
, AjjIj jjill (JjLolaII (J^J Ajjii 4 _Llujj aIxjVI Ai^Ia V 

^A]| AjA^A ^aJJ (jl L t 'y l 4-llc.j 4 \ \ 9 * <3^ Al (j^£j ^ ^ (j£ (jli t^HjAiLa aIAC-I Ac. j ^ (j-o 4 y \\\W l_jLui^, ^aJJ LqAjC. V 

(JiVI ^aU^M AA*J IjjLud-o (jjfL (jl c > L_j^)jJall (Jj^aL^. ^lil ^al9^)VI (jli a1ac.VI L_l^)jJa Ajc. , CALuAjAII <9A dAA L-LuAjjj 

41, -^>1 q\1 Axj AlAc.VI A Ac. (jli ^^Aall ji A_i1axj ^a,jij LaAic. j , A-ajuisII 4_iLoC. ^Ac. j^jJaj dAc.HH (jjofij AUa^j , A-qA^AjuiaII Al Ac , 1 ^9 

,^^)la31 jl ^a'nH 4 j'aC. ^9 ^AAAjula AAc. (_^l ^9 Aj^)juAiH <L^alAll Axj aIac.^ 1 (JiV IjjLuia (jjfL (jl AjL^VI ^9 Aj^juAiH 
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2y v .. j 


jLtic-VI (j^-aj ^jj iiljlijc.1 ^3 liLal "i_a^ll" J ^jl jjc L_ij£^all (2) 


^ ^ .- I *q 

3x10 4 m (I) : 1.4 <JjAaJI SjjSaaII 'Ui^UI ciilji . .-."'-^Nf| ^Ia^auiLj aJIiiI! t*y xtt i «. ji (3) 

.72xl0 2 g [-*) 5x10' 5 s M 

<S^Lsl-<JI ciul£ lijj ^ 5-1 jUlaJI (jj ^ *i»j 11 a (Ja t^UuVI cJj\Vi 4_i^.lj (3-° 4 'nj'n t/i dulS 13] (4) 

t/i (jj 13 a J^-9 otxjVl 4_i^.lj £y* 4 t/i ^)JC* 

Jdllj y ^VujAj ^.jI (5) 
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JjLo* 


4 jjjil ALSll j i*iSl\ 

A j i I sj^ll 4il!£ A Vi - ■',j!La ‘ '' ■ ' i . '1’Kll Ajl^j ^_3 ojjjILall (JoVt , ,.l ( | j 

UjiaSj 39mm fjjJjjVI j j^Lll (j-Q AjjAx-q 4j 1 <jc. ejljc. (j! C'<a\c. I j) (2) 

.si-all fijiA Sili& ^ Ls ,39mm 

? r 2 L^j^ajj rx lA^)ia3 t> Q*«Vi Ajjj£ 6^}ju£ (JajlI p 1 SaLg 4-1j£ jIaLg ^ (3) 

3 ^£J 1 <Sj£ ,4.50cm c q a^.1 , ^juAL^iLq t/i <Sj£ 1 \f^^i\\ (4) 

, s^)£il L . ^JjVl s^^Jl <Sj£ ^j£1 cIjI^q 5 

<Sj£ (l) A^.jI .5x10 6 cm C—<iLa. (J^la (jli ■ y^W C' 1 Vi AjA^JI ^ c > Ajc. (5) 

AjAaJl Aili& J 55.9u Aj.wW AjjaII j] c!l<Jc, 1a] ,c_ix£-(Jl AjAaJl Clil jA A Ac. (l_j) j l_i*£-<J1 

.7.86g/cm 3 
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JbuVI Joiau 

LixJalj^ Aj& ^n*li]| I AA ^jl , Al^jtil j /j-o J)ll ^3 Ail 3 <LaJaQXQ aI^jlj ~ ^_3 /jl£, I jj (6) 

I ^ jj' i »"'l' IJlA (j! Jllsu'^l ~l iA"u,il j CLujI , oiikj aJ (_>ju 3 elulj k c S =k IT11 ° AjUjII S jjj^allj 

.k duliiil A^ajS Aij^Iall oilA (jx (jl (J<a.ail (_j>a (_Ja , n = 2 j 1TI = 1 dul£ Ijj 

V ’ ^ A il'lll CjV Ala-ail (jx J (7) 

(a) v f = Vj + ax 

(b) y = (2m) cos(kx), where k = 2m 1 . 

t uXn i j L lit W ^ J ^Ic, GJJj^lt 6 jilt 4 ^ LpjJa L-Luoljjj ^ J ^ ^ ^ ^ ^jj A^J^lt (jjjtii ^ \) (t) (S) 

,SI ^aUaj ^ 6 jilt G^j <JJ jdilt (l_j) ,fi jilt ^Ixjt ^21^. .aJl^j <1 (JaliJ L-Lujllilt Clulj <jl£ t iji , <jj£lt 

? < j-ojltj (J jialtj A \\^W AaxAjJ^\ a jilt (jCr jj*j <* (l) ^ jilt 4-A-^t ^Lgjc.VLj 

jA ^ts-lt L-jJ^il jj jjj jjjLS (9) 



AiLouiltj ^jljltj JjVt ^jui^Jt ni j M t j^.Vt ^-Ic' t_^_j jjj^j <^ilt 4_ijiL^Jt £jt^i* F (j] cl 

2 

, G c—Ludlult ciulj j L^a kg.m/s j t-g-S sjilt ,r t ni 
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O-Ullj 

^ ^Jijjuj AjK'I A^LoiaII ^A Lq ,8ft Ig-C-lijjlj 12ft Aju^-q ^jl.1^. p!>UaJ J-otc* (10) 

dA^.(JaI_*_ 11 tg_dlaJ 

jlojjUll j-oill ^j21 1/32in <Jj^aj <jLuijyi u’ (11) 

.m 3 jIaII 6^.jj \$jA Lq 8.5in 3 ^jUI ^a q \ ^ajjiil (12) 

(]) ^ U .1.20kg/m 3 Ail^ ciul£j .40.0x20.0mxl2.0m ^ 5ijo c^jl£ li] (13) 

. .AjjLJl $.1 j^Sl ujj (^r 5 ) ft 3 ^ 

4 -Lui^.t (l) .(JjISj 7 30.0gal ^u] o^j-^ (14) 

(_^.) . Aujlill ^5 L_l*£-all ^j2a 31 6^.P(3-0 L_Lul^.l (L_j) . Ajj\!l (j£J 0*1^. 

(lgal=231in 3 ) .j^LuJl c>^ lm3 aiIxjuo plW 4-aj^UI 4^331 

<itj£ LjJjui^I CIiLojLlaII g^A <_ja ,2.10cm 3 \ g a'N^ j 23.94g \ g*lVl^ (j^aL^a^}31 q .■* <*JaS (15) 

Q 

.kg/m oal^>j]l 
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cjljj ^ . 1.67xl0' 27 kg Sjj tl.99xl0 30 kg 4i& ^JLg (16) 

■ " Cjlt^)i ^A (_)ilAJUd3t G^Lq L-llc-t (jj ^LAJUdll ^9 U^J,J , \M " 

4 -Lua^l 62.3mi JsuujjIaII ^ { 3 **-} (J^ajVt ^ 70% (jl (jiajjal (17) 

, ^at^)^. J)tj5\l 6^.S-t^t <jj£ 3^° 

fijA d.74xl08cm j^\ 3 j t6.37xl06m o^j^' ^ jia jl£ lit (18) 

^Lliaij]ij O^J^' ^ 4 Uni (L_l) j ^-osll ^Jam 4-^.1 l ii^ ^11 I 4-^.1 >n^ 4 _l>■'‘l ( I) djljLull 

. j-ai 


? iijSri j CiijiJiili 

Clit^j^lt L_Lud^.t , c. <aVij 3 3^9 3^-° 50,000 Ailjobo 3 a^ljjudlt 3-4 3 ti] (19) 

, 13 l^J j^9 ^Ull 4 ^jotl j l ^Illt AjjIj^^I ClA_La£Jt ^ j i >* jj < ju»yi wi-u ^ 

^Ull l g^\g*nnj ^Illl jlill ^Illl L_llxJl JJJlC- L_Lud^.l i^ajdJ JA jit L t ^ ^ 4jjli-It LlAjj^auJt (20) 

, k j 'Lq^Vuj^II L—ll-La^ll jJaj , c > lU\l ai& 4 _Sj£ Ljajl , c^Vn^ 
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AjjjxAii fiijSn 

^JajuJI A^Lawi L_Lua^.l (9.8+0.l)cm (21.3+0.2)cm 4.1 jla (Jjlvu^ <J£juj ^^Sc. (21) 

, 4_i9 \ j )\JiLa j 

, \ j9 Ua^Jl (<--j) 4l±^ijaLA (l) L_Lul^.l . (10.5+0.2)m ^ (22) 

2.46x1 O' 6 (^.) 3.788xl0 9 M 79.9+0.2 (I) UUI 4^/1 ^ f li Ji\ ^ £ (23) 

.0.0053 (4 

L_Lai^.l . (1.85+0.20)kg \j (6.50+0.20)cm tAjIaa <. aJL^ (24) 

, ^9 j \x*\a til ^al 

Jjia jA l* . 19.5m 38.44m Jjia 4.1C.1 jjll 4^Jajl ^L>+^ (25) 

■ x> 

fiLiuJl 4-1 J U^jl liji (17.0+0.l)m ^ (10.0+0.l)m a^Ujuj (26) 

HxiJl jA Lqj ciuj£jj£31 jA Lq (9.0+0.l)cm (1.00+0.01)m 4^jajc. 

■ ^>^11 




+^-h 
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